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SUMMARY
The selection of appropriate candidates for mitral surgery among symptomatic patients with nonischemic, chronic, secondary severe mitral regurgitation (NICSMR) remains a clinical challenge. We studied 50 consecutive symptomatic NICSMR patients for a median follow-up of 2.5 years after mitral surgery and concluded that the pre-operative thus, the best therapy for chronic secondary MR is much less clear than it is for chronic primary MR" (2) . The guidelines additionally stated, "Prognosis is poor for both ischemic and nonischemic MR, but ischemic MR lends itself to the possibility of revascularization and potential improvement in LV function if CAD has led to large areas of hibernating viable myocardium" (2) . This statement suggests that the prognosis of NICSMR after mitral surgery (in which some patients improve, whereas others die) depends more on the effectiveness of volume unloading as a result of the surgery, that is, the "reverse remodeling viability" (3) of the compromised LV myocardium. 
Heart Association functional class III or IV), had already received the maximum GDMT for more than 6 months, had no prior surgical history, and provided written informed consent before inclusion in the study. The study flow chart and group categorization are shown in Figure 1 . On the basis of the pre-operative baseline LV-Tor profile and QRS width (<120 or $120 ms), we divided the 50 patients into 3 groups: the Preserved, Lost, and WideQRS/CRT groups. The WideQRS/CRT group was subdivided into the PrevCRT (patients who received CRT before the mitral surgery) and PlusCRT (patients who were given CRT at the time of the mitral surgery) groups. All patients in the WideQRS/CRT group received CRT after the mitral surgery. We followed the clinical/survival status and echocardiographic variables of the 50 patients for at least 2 years after the mitral surgery. (12, (18) (19) (20) . LV contractility/elastance was determined with the end-systolic wall stress and volume ratio (ESWS/ESVI) (21-24).
Definitions of "preserved" and "lost" LV torsion. Using the systolic torsional profiles analyzed by 2D-STE, we Notomi et al.
LV Torsion, Dyssynchrony, and Post-Surgery Outcomes in NICSMR J U N E 2 0 1 6 : 1 9 3 -2 0 2 divided narrow QRS patients into 2 groups: the Preserved and Lost (LV-Tor) groups. Preserved was defined as a preserved normal systolic torsional profile and positive net torsion (i.e., apical to basal rotation) through the systole following reverse torsion in the very early phase. Positive rotation or torsion was indicated by a counterclockwise direction when the LV was viewed from the apex. In most cases, this condition was the result of positive apical and negative basal rotation. Lost was defined as a loss of the normal systolic torsional profile, which was typically due to large negative apical rotation and small basal negative rotation. As a result, the LV-Tor profiles of the lost torsion patterns were negative (persistent reverse net torsion) during systole ( Figure 2 ). All of the apical short-axis images were assessed for the appropriateness of the scanned level (Supplemental Table 1 ). 
RESULTS
The study was terminated in September 2014. We followed up with 42 patients (84%) at the Hayama Heart Center; the other patients' data were provided by their primary attending physicians. The median follow-up term was 2.5 years (interquartile range: 0.9 to 4.5 years).
PRE-OPERATIVE VARIABLES. The baseline pre-operative variables of the entire cohort and the 2-year survivors/nonsurvivors after mitral surgery are shown in Table 1 . BSA ¼ body surface area; CRT ¼ cardiac resynchronization therapy; LV ¼ left ventricular; MR ¼ mitral regurgitation; NYHA ¼ New York Heart Association. Table 2 ).
J A C C : B A S I C T O T R A N S L A T I O N
Baseline LV size, shape, and mass tended to be larger and more spherical in nonsurvivors; however, there was no statistical difference except in the LV volume estimated by the biplane disk summation.
The LV ejection fraction and MR severity were virtually identical among the groups; the LV torsion, however, was higher in survivors. Notomi et al.
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LV Torsion, Dyssynchrony, and Post-Surgery Outcomes in NICSMR J U N E 2 0 1 6 : 1 9 3 -2 0 2 1 patient each in the Lost and WideQRS/CRT groups during follow-up; this was treated medically in all cases.
POST-OPERATIVE REVERSE REMODELING. Figure 3 shows the degree and course of the LV reverse remodeling in each of the 3 groups.
To better understand the reverse remodeling after mitral surgery, we also analyzed the comparative data of age-and sex-matched 18 normal subjects and 12 patients with primary MR. Hereafter, we discuss the pathophysiological rationale and clinical relevance of the current study.
LV-TOR AND REVERSE REMODELING: RECOVERY, REMISSION, OR PLASTIC. Although patients in the Preserved group showed a significant reverse "chamber" remodeling after MR elimination, the LV mass did not regress (keeping the initial mass volume) over 2 years; consequently, it re-remodeled toward concentric LV geometry. This re-remodeling appeared to lead to a decrease in wall stress without an increase in ESWS/ESVI during the 2 years of
Notomi et al.
LV Torsion, Dyssynchrony, and Post-Surgery Outcomes in NICSMR follow-up. This finding was in contrast to the reverse remodeling course of primary MR, which showed a decrease in both chamber and mass and could truly be called "recovery" (improvement of the myocytes' contractility). The Preserved group, therefore, appeared to be in "remission" (maintaining initial contractility) rather than recovery (25) . To normalize the LV performance, with weak and compromised myocardium/myocytes this "re-remodeling" would be required. Thus, patients with preserved torsion would receive minimal (survival) benefit from volume unloading treatment.
In addition, the "plastic region" (25) might be characterized in the Lost group by no significant LVTor (hence, no chamber elliptization during systole) (Supplemental Table 3 The mechanical discoordination indexes CURE (circumferential uniformity ratio estimate) (27) and ISF (internal stretch fraction) (28) , calculated by the numerical data derived from 2D-STE, showed borderline discoordination values in both the PrevCRT and PlusCRT subgroups (Supplemental Table 4 ). Thus, the
PrevCRT subgroup maintained some degree of dis- Table 5 
CONCLUSIONS
In patients with NICSMR, the LV torsional profile assessed with 2D-STE discriminated post-mitral surgery outcomes in patients with a narrow QRS but not in those with a wide QRS, and previously implemented CRT appeared to be a marker of poor post-surgical survival.
The National Institutes of Health Fact Sheet (38) states that among adults, the 5-year relative survival rate for all cancers combined is now approximately 68%, whereas it was 50% in our entire cohort.
Determining the safest and most effective management for NICSMR patients is the goal. The findings of this study may help to resolve this clinical dilemma and identify appropriate candidates for mitral surgery in patients with NICSMR. Notomi et al.
